We have previously shown, through evidence that the expression of calbindin -D9k protein shows a dose-dependent change in the intestine, that calbindin-D9k plays a role in the ability of a fructooligosaccharide (FOS) diet to increase calcium absorption. This study shows that the regulation of calbindin-D9k expression occurs at the transcriptional level in a segment-specific manner, decreasing in the proximal intestine and increasing in the co lorectal segment. To determine the transcriptional regulation of the FOS diet on calbindin -D9k expression, two transcription factors, vitamin D receptor (VDR) and cdx-2, were ana lyzed during 10d feeding of the FOS diet. The mRNA expression of VDR and cdx-2 was influ enced by the FOS diet and showed a segment-specific change. In the proximal small intestine, there was a significant correlation between the changes in both mRNAs (r=0.69, p<0.01), while the expression of calbindin-D9k correlated neither with VDR nor with cdx 2. This means that the transcriptional change induced by the FOS diet was not regulated by VDR and cdx-2. In the colorectal segment, there were significant correlations between gene expressions of calbindin-D9k vs. VDR, r=0.73, p<0.01 and calbindin-D9k vs. cdx-2, r=0.52, p<0.05. These results suggested that both transcription factors, VDR and cdx-2, were involved in the regulation of calbindin-D9k gene expression in the colorectal segment during the process through which the FOS diet enhanced calcium absorption.
Since osteoporosis is one of the most serious lifestyle related diseases, calcium has long been a target of nutrition research. Absorptive enterocytes lining the intestinal villi are responsible for the terminal digestion and absorption of calcium and other nutrients. Active calcium absorption is by way of the transcellular path, with three primary components participating in series in the calcium absorption process. These components include epithelial calcium channels (CaT1), which enhance the luminal calcium in the absorbing entero cyte; intracellular calbindin-D9k, which binds calcium at high affinity and diffuses calcium across the cyto plasm of enterocytes from the brush border membrane to the basolateral side; and the ATP-activated basolat eral membrane calcium pump, which transports cyto solic calcium into the extracellular fluid of the lamina propria (1) . The expression of calbindin-D9k is largely regulated by the active form of vitamin D3, 1,25 dihy droxyvitamin D3 (2, 3) , and stimulated by calcium re striction in the duodenal segment (3) . A high correla tion between its concentration and calcium absorption has been observed (4); therefore, calbindin-D9k is thought to play an important role in intestinal calcium absorption.
Though many diets have been recommended to improve calcium absorption, 1,25 dihydroxyvitamin D3 is the only dietary factor that increases calcium absorp tion; its mechanism of action has been analyzed at the molecular level (5) . Vitamin D receptor (VDR) is also a transcription factor and its binding sequence (VDRE) on the promoter has been determined (5) . Indigestible car bohydrates including fructooligosaccharides (FOS) (6, 7) , resistant starch (8) , guar gum hydrolysate (9) and inulin (10) have been intensively studied as dietary fac tors that can improve calcium absorption. Among them, FOS, a mixture of indigestible and fermentable sugars, has been well examined. Ohta et al, reported that FOS increased calcium absorption in balance stud ies of rats in vivo and that calbindin-D9k was involved in this effect (11). In the colorectal segment, the degree of enhancement of calcium absorption and the change of calbindin-D9k expression positively correlated with the amount of ingested FOS. Moreover, analysis of fecal pellets in the colorectal segment confirmed that this stimulatory effect of FOS on calcium absorption took place in this segment (7) . The molecular mechanism by which these indigestible carbohydrates enhance cal cium absorption remains to be clarified. Rats were divided into three groups of 12 rats each, the two experimental groups and one control group. All rats were fed 15g diet/d on day 1,18g diet/d on day 2, and 20g diet/d on days 3-10 and were allowed free access to water throughout the experimental period.
The diet dosage was designed to obtain a similar growth rate for the experimental and control groups without any diet remaining unconsumed. The experimental diet group rats were sacrificed at days 5 and 10. The 12 con trol rats were sacrificed on day 10. Six rats from each group were used for protein and DNA determinations, and the remaining 6 rats were used for RNA analysis. Analysis of colorectal contents. The pH of the colorec tal contents was measured directly using a compact pH electrode (B-112, Horiba, Kyoto, Japan) before scraping the mucosal cells. Western blot analysis. Western blot analysis was basically conducted as described previously by Ohta et al. (11) with some modifications. To transfer the pro teins that were separated by Tricine-SDS-PAGE, Immo bilonTM-P (Millipore Corporation, Billerica, MA) was used. After immunoreaction, immunogenic calbindin -D9k bands were identified using a second antibody con jugated to horseradish peroxidase followed by light emission from the oxidation of luminol. These chemilu minescence signals were quantified by a LAS 1000plus luminescent imaging analyzer (Fuji Photo Film Co., Ltd., Tokyo, Japan). The means of the six lanes from each group on a membrane were calculated and com pared statistically. RNA isolation and Northern blot analysis. Total RNA and poly(A)+ RNA were prepared using Wako ISOGEN (Wako Pure Chemical Industries, Ltd., Osaka, Japan) and Oligotex-dT30 super (Takara Shuzo, Kyoto, Japan), 
RESULTS
The FOS diet increased weight of intestinal mucosa, and amount of mucosal DNA There was no significant difference in body weight gain during 10d feeding between rats fed the FOS diet and rats fed the control diet (data not shown). The con tents of the colorectal segment of the large intestine increased in acidity after 5d feeding of the FOS diet (p<0.001) ( Table 2 ). The mucosal weights of the proxi mal small intestine and the colorectal segment of rats fed the FOS diet were 53.0% higher (p<0.001) and 20.0% higher than those of the control rats (p<0.001), respectively. The total mucosal DNA content was also higher than that of the control by 20.8% (p<0.005) in the proximal small intestine segment and 41.4% (p<0.001) in the colorectal segment.
The relative concentration of calbindin-D9k protein was expressed on both protein and DNA bases, each showing the same pattern of change resulting from the FOS diet; on a protein basis, 54.8% less in the proximal small intestine segment (p<0.001) and 239% more in the colorectal segment (p<0.001); similarly, on a DNA basis, 53.0% less in the proximal small intestine seg ment (p<0.05) and 212% more in the colorectal . seg ment (p<0.001) ( Table 2) . Calbindin-D9k mRNA expression was differently regulated by the FOS diet in the proximal small intestine and colorec tal segment Putting all results together, there were significant correlations in the colorectal segment between calbin din-D9k vs. VDR, r=0.73 (p<0.01) and calbindin-D9k vs. cdx-2, r=0.52 (p<0.05). Between the two tran scription factors, there was a significant correlation in the proximal small intestine (VDR vs. cdx-2, r=0.69, p<0.01), while no correlation was evident in the col orectal segment.
DISCUSSION
As a novel tool to clarify the mechanism of calcium absorption, we used the fact that FOS increases calcium absorption and that this increasing effect takes place in the colorectal segment (7, 27) . To analyze the mecha nism by which FOS increases calcium absorption, the mRNA expression of calbindin-D9k and two transcrip tion factors, VDR and cdx-2, was determined in the proximal small intestine and colorectal segment of rats fed an FOS diet. Observation of the tissues of rats fed the FOS diet indicated that all intestinal segments grew prominently compared to those of control rats. As shown in Table 2 , the contents of the colorectal seg ment increased in acidity, and the weight of mucosal cells and mucosal DNA of both segments increased in rats fed the FOS diet more than in control rats. The cor relation between the increase of weight of mucosal cells and DNA suggested the stimulated proliferation of intes tinal mucosal cells. This result is consistent with our previous observation using cDNA expression array fil ters (28). We provided evidence that the FOS diet enhanced the expression of genes that are involved in cell proliferation. However, our observation was incon sistent with other evidence on the effects of butyrate. Among several short-chain fatty acids that were pro duced from FOS by colonic bacteria (29), butyrate was considered as the most likely potential factor to regulate expression of genes in the intestine (30). Moreover, butyrate was thought to be a direct factor in the action of dietary fibers that protect against colon carcinogene sis by stimulating cell differentiation and apoptosis and inhibiting cell proliferation (30). In contrast to these effects, butyrate is a stimulant of normal colonic cell proliferation in vivo (31, 32), utilizing butyrate as an energy substrate, and normal colonic mucosa in vitro. Although the molecular mechanisms responsible for the effects of butyrate in colonocyte biology are not known, butyrate works differently against normal colon cells and colon cancer cells. 
